We investigated whether the intonational realization of the discourse marker nu ('now') influences participants' expectation about upcoming referents. In two eye tracking experiments, Dutch listeners heard utterance pairs such as Verpalaats het boek naar vak 1.
was accented but shifted towards the first referent when it was unaccented. Since the first syllable of the target word (e.g., /kaen/) did not segmentally disambiguate between the two referents in question, this difference could only be caused by the intonational realization of the first syllable. Thus, by exploiting intonational information -in particular the presence or absence of accentuation in the segmentally ambiguous first syllable of the target wordlisteners got a head start in resolving the referential ambiguity. Using the same eye tracking paradigm, Chen, den Os, and de Ruiter (2007) found that listeners were also sensitive to the shape of the accent. Listeners fixated the contrastive referent more when the target word was produced with a fall or rise-fall (H*L, L*HL) than when it was spoken with a rise (L*H) or no accent, and vice versa.
Intonational information available before the referent noun but still within the referential expression has also been shown to be effective in guiding listeners' expectations.
Using the same method as Dahan et al. (2002) , Weber, Braun, and Crocker (2006) presented German listeners with instructions such as 'Klicke die lila Vase an. Klicke jetzt die rote Vase an' ('Click on the purple scissors. Now click on the red vase'). The colour adjective in the referring expression of the second instruction ('rote') was either accented with L+H* (an accent with a high tonal target preceded by a steep rise from a rather low pitch value) or left unaccented (e.g., 'ROTE Vase' vs. 'rote VASE'). Results showed that listeners launched more fixations towards the same type of object as in the first instruction (e.g., vase) but with the different colour when they heard an accented colour adjective than when they heard an unaccented one. This anticipatory effect was even stronger, when the colour adjective of the first instruction was already accented, suggesting that listeners already anticipated a contrastive accent on the adjective in the second instruction. Ito and Speer (2008, Experiments 1 and 2) conducted a similar study in English with real world objects instead.
Participants' task was to pick up objects from different cells of a grid to decorate a real holiday tree, following instructions such as 'Hang the blue angel. And next, hang the GREEN ball/angel'. The adjective in the second instruction was either spoken with a L+H* accent (which signals contrast, cf. Pierrehumbert & Hirschberg, 1990) or with an H* accent (high tone, which has no contrastive connotation). Results were similar to those of Weber et al.: listeners fixated the cell with the same type of objects as in the first instruction (e.g., angels) more often and earlier when the adjective was realized with an L+H* accent compared to when it was realized with an H* accent. Eberhard et al.'s (1995) Experiment 3 showed a similar effect for the first adjective in referential expressions with more than one adjectival modifier.
The remaining question is then whether listeners also make use of intonational information prior to the entire referential expression to identify the upcoming referent, in analogy to verb-based information. A test case for this is the intonational realization of phrase-initial discourse markers, which are generally used to increase discourse coherence and to mark relations between utterances and events. Therefore, they are also frequently used in the experimental materials of the above-mentioned eyetracking studies, e.g. 'now' in Dahan et al. (2002) and Chen et al. (2007) , 'jetzt' in Weber et al. (2006) , 'and next', 'and then', 'after that', and 'finally' in Ito and Speer (2008) . In a recent production experiment on British English and Dutch, Braun & Chen (2010) elicited similar bipartite instructions with a movieclip description task, and found that the intonational realization of the discourse markers 'now' in English and 'nu' in Dutch were indeed adapted to the information structure of the upcoming sentence. They were mostly unaccented when the following referent was contrastive ('Put the candle in cell 1. Now put the candy in cell 1') but mostly accented with a steep rise (L*H) when the referent was maintained but the object was contrasted ('Put the candle in cell 1. Now put the candle in cell 9'). The interesting question is whether listeners can make use of the intonational realization of the discourse marker to predict the upcoming referent.
Independent of the current research, Ito and Speer (2008) examined the effect of a discourse marker's intonational realization on the interpretation of subsequent referents (their Experiment 3). They used the same tree decoration task as described above with instructions such as 'And next, pick the blue ball'. The adverbs of the discourse markers 'and next', 'and then', and 'after that' were either realized with a L+H* L-H% or with an H* L-H% patterns (a steep rise followed by a rising boundary tone vs. a weak rise or a high level tone followed by a rising boundary tone). They examined whether the 'contrastive' accent L+H* evoked more anticipatory looks to a referent differing only in colour from the preceding referent. The intonation patterns of the discourse markers were either matched or mismatched with the information status and intonational realization of the target ornament. Strikingly, in both intonation conditions, participants rarely fixated the target cell before noun onset. Thus, an L+H* on a discourse marker did not trigger the anticipation of an upcoming colour contrast, unlike the L+H* on a colour adjective itself. The authors speculated that L+H* on the discourse markers may have at most provided an attention-orientating cue or signalled upcoming contrasts in general. While these might be possible functions of an L+H*-accented discourse marker, it is perplexing that listeners in Ito and Speer's study hardly fixated the target cell at all before noun onset. This total absence of anticipatory eye movements is especially noteworthy in the light of the existing evidence for anticipatory effects arising from intonation as well as other linguistic information.
We see a number of potential reasons why Ito and Speer (2008) did not observe anticipatory effects based on the intonational realization of the discourse markers. First, the hypothesized effect of L+H* as a marker for contrastive information may not be applicable to the discourse markers examined in their study in the first place and there is no reference to relevant production data to back up this claim -as there is for the intonation patterns of adjectives and nouns (Ito & Speer, 2006) . Second, the presence of a phrase boundary after the discourse marker sets the discourse marker intonationally apart from the rest of the sentence.
Consequently, listeners might have regarded the discourse markers as pure attention getters and did not interpret the intonational realization of the discourse markers in connection with the information in the following intonational phrase.
In the present study, we focused on anticipatory effects based on the intonational realization of the discourse marker nu ('now') in Dutch. In two eye tracking experiments listeners moved objects in a grid following bipartite instructions such as Verplaats het boek naar vak 1. Verplaats nu de film naar vak 1 ('Put the book in cell 1. Now put the film in cell 1'). During the second instruction, we examined listeners' eye movements towards the first referent (i.e., the referent mentioned in the first instruction) and the contrastive referent (i.e., the referent not mentioned in the first instruction) after they processed the intonational information in nu but before they could process the target word. The intonation of our auditory materials was determined on the basis of the most frequent realizations in comparable conditions in a production experiment (Braun & Chen, 2010) . The discourse marker nu was realised with L*+H when the referent was maintained but the location was contrastive, and with no accent when the referent was contrastive but the location was maintained. Furthermore, to ensure that listeners interpreted the discourse marker as an integral part of the instruction, there was no phrase break following the discourse marker.
On the assumption that production predicts comprehension, as put forward by Pickering and Garrod (2007) , we predicted that listeners should make use of the intonational information in nu for predicting the upcoming referent. More specifically, following a likely initial bias towards the contrastive referent as found in earlier studies (Dahan et al. 2002 , Weber et al. 2006 , listeners should launch even more fixations towards the contrastive referent on hearing an unaccented nu than on hearing an L*+H-accented nu. Conversely, they should launch more fixations towards the first referent on hearing an L*+H-accented nu than on hearing an unaccented nu.
Experiment 1
The experiments reported in this paper made use of the visual world eye tracking paradigm with printed words (McQueen & Viebahn, 2007; Reinisch, Jesse, & McQueen, in press; Salverda & Tanenhaus, 2010) . Since our study is not concerned with lexical activation of referents upon hearing certain segments but with anticipatory eye fixations to referents before the referent is mentioned, the presentation of the referents used is not crucial here. Important is only that one of the referents has been referred to before, while the other one has not. For the same reason, our displays only contained two referents, one that is used in the first instruction (hereafter first referent), and one that is not used in the first instruction (hereafter contrastive referent).
In the first instruction, participants had to move one of the two referents to a new cell in the display (e.g., Verplaats nu het woord ball naar vak 1). The padding het woord ('the word') was added since it sounded more appropriate with the use of printed words. The auditory materials intonationally mirrored the patterns most frequently produced to express an object or a location contrast in Braun and Chen (2010) . The discourse marker nu was produced with a steep rise (L*+H) to signal a contrast in the location, and produced with no accent to signal a contrast in the referent. There was no intonational mismatch condition, as a mismatch between information structure and intonational realization is likely to draw listeners' attention to intonation, which may create experimental artefacts. If the intonation of the discourse marker affects whether listeners expect a contrastive or a given referent, we should find anticipatory effects also when listeners are not explicitly aware of the prosodic manipulation.
Participants
Twenty-four native speakers of Dutch from the subject pool of the Max Planck Institute for Psycholinguistics (MPI) participated in the experiment for a small fee. Participants were all unaware of the purpose of the experiment and had not taken part in the experiments reported in Braun and Chen (2010) . They were all students of Radboud University Nijmegen, reported to have normal hearing and normal or corrected-to-normal vision.
Materials
Twenty-four disyllabic Dutch word pairs with stress on the first syllable were selected. The two words in every pair had an identical initial consonant-vowel sequence (e.g., zegel-zetel, 'stamp-seat', panda-panter, 'panda-lepard', see Table 1 in the Appendix for the full list) and were matched for lexical frequency according to the CELEX word form dictionary (Baayen, Piepenbrock, & Gulikers, 1995) . 7 One word of each word pair served as first referent (mentioned in the first instruction), the other as contrastive referent (not mentioned in the first instruction). The role of first and contrastive referent was counterbalanced across participants and conditions to reduce effects due to particular words.
An additional set of 10 cohort pairs and a set of 24 non-cohort pairs were selected for filler sentences. From the non-cohort pairs, 18 instruction sequences similar to the experimental ones were created, half with a location contrast and half with an object contrast.
To keep participants attentive, the remaining 16 word pairs were used in trials with only a single instruction. In these trials, participants were asked to click on a word or to move a word above or below the rectangle or the triangle.
A female native speaker of Dutch who had been known for being able to produce intonation patterns very consistently read the instructions from a recording list. This list contained four sentences for a given experimental word pair and all filler sentences.
Recordings were made in a sound-attenuated cabin at the Max-Planck-Institute for Psycholinguistics in Nijmegen. Utterances were directly recorded onto a PC using Adobe Audition (44.1 kHz, 16 bit).
For the trials with two instructions, the first instruction was recorded with a low initial boundary tone, and a high final boundary tone (H%), which can signal continuation or nonfinality (Cruttenden, 1997; Pierrehumbert, 1981; Pierrehumbert & Hirschberg, 1990; 't Hart, Collier, & Cohen, 1990) . The high boundary tone was hence chosen as it better connects the two instructions in each trial. An example of a first instruction is shown in Figure 1 . only a single instruction were recorded with a low boundary tone both at the start and at the end, and a falling accent on the noun. All intonation contours proved to be very natural; our speaker did not have to be specifically instructed. The recorded utterances were used in the experiment without further manipulation.
Please insert Figures 2a and 2b about here
To quantify the prosodic structure up to the target word, we measured the duration and f0-excursion of the constituents preceding the target word (the verb, nu, and the padding het woord). Table 2 gives an overview of the mean values and standard deviations of these acoustic measures.
Please insert Table 2 about here. The difference in the duration of the verb in the two contrast conditions approached significance (t(47) = 1.8, p = 0.08), but f0-excursion in the verb did not differ (t(47) = 0.92, p > 0.3). The average duration of nu was 63.1 ms longer when nu was accented (in the location contrast condition) than when it was unaccented (in the object contrast condition) (t(47) = 17.2, p < 0.0001) and its f0-excursion was 60.8 Hz larger (t(47) = 27.9, p < 0.0001). The 7 Controlling for lexical frequency is important as it modulates fixation proportions (Dahan, Magnuson & Tanenhaus, 2001) average duration of the padding het woord did not differ across conditions (t(47) = 0.7, p > 0.4), but the magnitude of the f0-rise during the padding was 37 Hz larger in the accented-nu condition than in the unaccented-nu condition (t(47) = 11.4, p < 0.0001).
Procedure
The first referent, the contrastive referent, a square and a triangle were displayed on a 5×5
grid on a computer screen (Figure 3 Four basic lists of experimental stimuli were constructed. The role of first and second referent as well as contrast condition was counterbalanced across lists, following a Latin-Square design. More specifically, the word pairs were split into two groups, with a matched average frequency for first and contrastive referents in each group. In one list, the first half of the word pairs was assigned to the object-contrast condition (produced with an unaccented nu), the other half to the location-contrast condition (produced with an accented nu). In the second list, the order of first and contrastive referent was swapped to minimize a potential bias for one of the two words in each pair (e.g. zegel was the first referent in list 1, and zetel was the first referent in list 2). In lists 3 and 4, every pair that was assigned to the object-contrast condition in list 1 and 2 was assigned to the location-contrast condition, and vice versa (e.g. the pair zegel-zetel appeared in an object-contrast condition in list 1 and in a location-contrast condition in list 3). Twelve of the 34 filler items were placed at the beginning of each list to familiarize participants with the task. The remaining filler trials were interleaved with the experimental trials. There were three randomizations for each of the four lists, resulting in 12 experimental lists.
Participants were randomly assigned to the experimental lists and were tested individually in a sound-attenuated cabin. They were first given written instructions on the task, and were then seated in front of a computer screen at a comfortable distance. An SMI Eyelink II eye tracking system was fitted and calibrated. At the start of each trial, the two words and the two geometric shapes were displayed in cells 7, 9, 17, and 19 of the grid (see 
Coding Procedure
The data from each participant's left eye were coded in terms of fixations, saccades, and blinks, using the algorithm provided in the Eyelink software. Blinks and saccades were discarded. For every 4ms-frame recorded by Eyelink, fixations were coded as pertaining to the cell of first referent, contrastive referent, square, or triangle. This information was subsequently used to calculate the proportion of fixations to each referent.
Results
For visualization of changes in participants' eye movements over time, the proportion of fixations to the first and contrastive referent (and the two shapes) was calculated in 20ms-intervals by dividing the total number of fixations to a respective referent or shape by the total number of fixations in a given time interval (excluding blinks or saccades occurring in that interval). The fixation proportions to first and contrastive referents over time for each condition is plotted in Figure 4 , time-locked to the acoustic onset of the discourse marker nu.
We plotted the fixation proportions in the time window starting approximately 70 ms after the start of the second instruction (350 ms before nu onset) and ending approximately 500-600ms after the onset of the target noun (1100 ms after nu onset).
Please insert Figure 4 about here
The critical time window to observe anticipatory eye movements starts when prosodic information of the discourse marker begins to be reflected in participants' eye movements and ends when information of the target referent is being processed. A usual estimate of the time taken to launch an eye movement in such a visual searching task is 150-200ms (Fischer, 1992; Hallet, 1986; Matin, Shao, & Boff, 1993; Rayner, Slowiaczek, Clifton, & Bertera, 1983; Saslow, 1967) . Since our displays only contained two printed words, and since participants had sufficient time to preview it (during the first instruction), we used the lower bound of this range (150 ms). The critical time window thus started 150 ms after the onset of the discourse marker nu and ended 150ms after the onset of the target word, shown by the long horizontal arrows in Figure 4 . The absolute begin and end of the critical time window were determined for each trial individually. The average duration of the critical time window across all trials was 535.8 ms.
Not surprisingly, participants' gaze initially rested on the object just moved (first referent)
before it shifted to the contrastive referent. We performed three kinds of analyses. The first two tested for participants' initial preference for any of the referents prior to the point at which fixation patterns could be influenced by the intonational realization of the discourse marker nu. These two analyses included fixations in the time window from 150ms before nu onset till 150 ms after nu onset (hereafter 'non-critical time window', shown by the short horizontal arrow in Figure 4 ). The third and main analysis tested for anticipatory effects of intonation in the critical time window, in which information on the intonation of the discourse marker was processed but information on the realization of the target was not yet available. This only included fixations that started 150ms after nu onset (or later) but excluded all fixations that started 150ms after target onset.
Following the analysis protocol described above, we first tested for an initial bias towards the contrastive referent during the non-critical time window, as previous experiments have shown such a bias (e.g., Dahan, Tanenhaus, & Chambers, 2002) and the fixation proportions during the non-critical time window in Figure 4 suggest exactly such a bias.
More specifically, we compared the ratios of fixation proportions to the contrastive and first referents to 0.5 using a one-sample t-test in separate by-subject and a by-item analyses (cf., Dahan & Tanenhaus, 2005; Huettig & McQueen, 2007) . The ratios of fixation proportions were calculated by dividing the fixation proportions to the contrastive referent by the sum of fixation proportions to the contrastive and first referents. Statistical analyses confirmed the visual impression of a bias towards the contrastive referent in the non-critical time window.
The average ratio of fixation proportions to the contrastive referent was 67% which was significantly higher than chance (t1(23) = 3.57, p = 0.005; t2(23) = 6.06, p < 0.001).
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We then tested whether during the non-critical time window there was already an effect of intonation of nu on the fixations to the contrastive and first referents. Effects of intonation might come from the boundary tone of the first instruction or the intonation of the verb preceding nu (e.g., Cutler, 1976; Xu & Xu, 2005) . The fixation proportions to the respective referents in each intonation condition were averaged (by subjects and by items) and subjected to a paired sample t-test with intonation of nu as independent variable. There was no effect of intonation on the fixation proportions to the first or contrastive referent in the non-critical time window (average fixation proportions to the contrastive referent in accented-nu condition: 39.3% compared to 38.8% in unaccented-nu condition, t1 = t2 < 1;
average fixation proportion to the first referent in accented-nu condition: 14.6% compared to 14.2% in unaccented-nu condition, t1 = t2 <1).
More important is the question as to whether the intonation of nu influenced the fixation proportions to the contrastive and first referent in the critical time window (from 150ms after nu onset till 150 ms after noun onset). Results of repeated measures ANOVAs with intonation of nu as the independent variable showed no effect of intonation on the fixation proportions to the contrastive or first referent in the critical time window (averaged fixation proportions to contrastive referent in accented-nu condition: 57.3% compared to 53.3% in the unaccented-nu condition, F1(1,23) = 3.18, p = 0.09, MSE = 0.56; F2(1,23) = 2.62, p > 0.1, MSE = 0.68; averaged fixation proportion to the first referent in the accentednu condition: 12.6% compared to 13.1% in the unaccented-nu condition, F1 = F2 < 1).
Discussion
Like in earlier eye tracking studies using bipartite instructions (Dahan, et al., 2002 for English; Weber, Braun, & Crocker, 2006 for German), participants quickly shifted their gaze away from the object just moved and developed a bias towards the novel, yet unmentioned referent. This bias was present already before the onset of the discourse marker nu. The initial bias towards the contrastive referent sustained throughout the padding and listeners only started to fixate the intended referent, once information about the referent was processed. One possible source for this bias towards the contrastive referent is the high final boundary tone used in the first instruction. As mentioned before, a high boundary tone signals non-finality 8 Additional analyses showed that this initial bias towards contrastive referents held for both intonation and continuation in general. It was chosen here for the end of the first instruction as it enhanced the connection between the two instructions. For listeners, on the other hand, the high boundary tone in the first instruction seemed to be an unambiguous signal for a second instruction involving a different referent. Apparently, they expected to be instructed to move both of the objects in a given display. Since they already moved one of the two objects after the first instruction, the high-boundary tone might have triggered the guess that the second action would be about the other object. This guess for the contrastive referent sustained even though in half of the trials with two instructions, their task was to move the same referent again.
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Since participants seemed to be convinced that this second action was going to
involve the yet unmentioned, contrastive referent, the discourse marker nu (and its intonational realization) may have lost its informativeness. Turning this argument around, a low boundary tone in the first instruction might actually increase the informativeness of the discourse marker nu. A low pitch at the end of an utterance signals that the speaker is finished with his turn (or topic) and that there is nothing more to come. The use of a low boundary tone at the end of the first instruction might hence suppress the guess that a new object was to be moved in the subsequent instruction. In other words, participants might judge both referents equally likely candidates, which would in turn make the intonational realization of nu informationally more relevant for the listeners to anticipate the object to be moved. We therefore conduced a second experiment with a low boundary tone at the end of the first instruction to investigate the effect of the intonational realisation of nu on reference resolution.
Experiment 2

Participants
Another group of twenty-four native Dutch participants from the MPI subject pool took part and were paid a small fee. They had neither participated in the experiments in Braun and Chen (2010) nor in Experiment 1.
Materials
conditions. 9 The results were identical when analysing the second half of the experiment separately, suggesting that participants did not change this strategy as they encountered more trials with a constrast in the location only.
The second instructions were identical to the ones used in Experiment 1. The first instructions were produced with a low boundary tone (see Figure 5 ).
Please insert Figure 5 about here
Procedure
The procedure was identical to Experiment 1.
Results
Analysis of fixations was performed in the same way as for Experiment 1. The time course of fixation proportions towards the first and contrastive referents is plotted in Figure 6 .
Please insert Figure 6 about here First, to determine whether there was again an initial preference towards the contrastive referent, we conducted a one-sample t-test on the ratio of fixation proportions to the contrastive referent in the non-critical time window (150 ms before nu onset till 150 ms after nu onset). Results showed no bias towards the contrastive referent in the non-critical time window (mean ratio: 56%, t1(23) = 1.0, p > 0.3; t2(23) = 0.7, p > 0.4).
Second, the intonation of nu did not affect fixation proportions to the first or contrastive referent in the non-critical time window (average fixation proportions to first referent 29%, t1 = t2 < 1; average fixation proportions to contrastive referent was 32%, t1(32) = 1.6, p > 1, t2 = 1.4, p > 1).
Third, we conducted paired samples t-tests with intonation of nu as the independent variable and fixation proportions to the first referent and the contrastive referent in the critical time window. There was a strong effect of the intonation of nu on the fixation proportions to the contrastive referent (average fixation proportion to contrastive referent in the accented-nu condition: 54.9% compared to 40.5% in unaccented-nu condition (t1(23) = 3.5, p < 0.005, t2(23) = 2.9, p < 0.01). No effect of intonation on fixation proportions to the first referent was found (on average 19.3%, t1 = t2 < 1).
Additionally, Figure 6 seems to suggest that the fixation proportions to the contrastive referent kept increasing till the noun onset when nu was unaccented, while there was no such a sustained increase in fixations when nu was accented. To statistically verify this observation, we split the critical time window into two equally long time windows (calculated for each item separately) and conducted a repeated measures 2x2 ANOVA, with fixation proportions as the dependent variable, and time window (first half vs. second half of critical time window) and intonation (accented vs. unaccented nu) as the independent variables.
Results showed a significant main effect of intonation (F1(1,23) Importantly, the data also show that fixations to the contrastive referent gradually increased after an unaccented nu was processed while they remained largely constant upon processing an accented nu. This change in fixation proportions over time in the unaccentednu condition suggests a gradual increase in the anticipation of the contrastive referent, which renders the pattern more similar to what one would expect given the patterns found in production. It thus appears that the linguistic interpretation of the intonation of nu lags behind a paralinguistic interpretation. That is, the paralinguistic function resulted in a rapid change in fixation, whereas fixations driven by the linguistic interpretation only slowly increased over time. This is comparable to Li et al.'s finding that the linguistic meaning of accentuation (i.e. newness, contrast) was processed later in the brain (at about 300-310 ms after the onset of the target noun).
General Discussion
We examined whether listeners could make use of the observed association between the intonation of nu (unaccented vs. accented with a rise) and the information status of the upcoming referent (contrastive vs. given) in reference resolution before sensory information on the referent is available. Based on previous production data (Braun & Chen, 2010) , we expected higher fixation proportions to contrastive referents upon hearing an unaccented nu than upon hearing an accented nu.
Interestingly, we observed clear anticipatory effects based on the boundary tone of the first instruction. In Experiment 1 in which the first instruction ended with a high boundary tone, listeners expected a change in the referent, i.e. they had a strong bias towards the referent not mentioned in the first instruction. A similar bias was also reported in Dahan et al., (2002) . We have argued that participants may have understood the task as to drag and drop both objects in the display to a new location As a result, they anticipated moving a different printed word in the second instruction instead of moving the same printed word again.
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The preference towards the contrastive referent was eliminated when the first instruction ended in a low boundary tone (Experiment 2). As discussed earlier, a low boundary tone is usually associated with finality and hence separates the two instructions more from each other than a high boundary tone, which signals continuation. Intonationally connected instructions may strengthen the interpretation that both objects have to be moved in order to proceed to the next trial/display. Intonationally disconnected instructions, on the other hand, may be interpreted as separate units. Our results show that following an instruction with a low boundary tone, both referents are interpreted as equally likely to be mentioned in the next instruction.
Importantly, when there was no initial bias towards either of the referents (Experiment 2), we saw a very strong, immediate anticipatory effect of the intonation of nu.
An accented version of the discourse marker nu rendered the contrastive referent initially the more likely candidate, a pattern that is opposite to the results of the production data. Possibly, listeners did not interpret the accentuation of nu in purely information-structural terms but rather in paralinguistic terms. An accented nu may be interpreted as more engaging, more emphatic and thereby signal a change in what is coming up. As in the linear order of the sentence, the referent appears before the location, it makes sense to be prepared for a change in the referent. This is in line with Ito and Speer's (2008) speculation that the rising accent on a discourse marker may be an 'attention-orientating cue' or signal upcoming contrasts in general (p. 564).
Although an accented nu initiated such an attentional shift towards the contrastive referent, the fixations to the contrastive referent did not increase any further during the remainder of the critical time window. On the other hand, when the discourse marker was not accented, the fixations to the contrastive referent increased over time, reflecting a gradually increasing anticipation of the contrastive referent. The presence of a gradual increase in the fixations to the contrastive referent across the critical time window in the unaccented-nu condition and the absence of such an increase in the accented-nu condition were in line with the linguistic functions of the intonation in nu.
To conclude, our results show that despite the probabilistic nature of intonation, there are robust anticipatory effects of intonation on reference resolution. Our experiments have provided evidence for two kinds of anticipatory effects of intonation. First, the choice of final boundary tone in the first instruction modulated listeners' initial guess as to which referent to be moved next. A high boundary tone triggered a bias towards the contrastive referent.
Second, in the absence of such an initial bias as in the case of a low boundary tone in the first instruction, an accented nu initiated an immediate attentional shift towards the contrastive referent. But in the subsequent time frames, this initial attention to the contrastive referent was modified as we predicted on the basis of the linguistic functions of the intonation in nu found in Braun and Chen (2010) . An unaccented nu led to a gradual increase in the fixations to the contrastive referent but an accented nu did not. Thus, the paralinguistic intonational meaning is processed before linguistic meaning (here information-structure related meanings) not only in nouns, which can have information status (Li et al., 2008) but also in the discourse maker nu, which does not have information status itself but whose intonation varies with the information status of the upcoming referent.
Please insert Table 1 about here. 
